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$X$ (locally) inner product set ,
$X$ , . , Deza-Rancl
. , . , Delsarte-
$G_{ot^{\backslash }},tha1_{b^{\backslash }-}S\backslash ’](1_{C^{\Delta},}1$
$i_{Il}nerp_{I}\cdot odut,\cdot t$ set
.
, , . inside inner
product set . inside inner product set locally inner product set. inside inner product set locally inner product set
, .
Euclidean design . , tight Euclideandesign , inside inner product set
.
2
$\mathbb{R}^{d}$ $d$ . $\mathbb{R}^{d}$ $x=(x_{1}, x_{2}, \ldots, x_{d}),$ $y=(y_{1}, y_{2}, \ldots, y_{d})$
,
$(x, y):= \sum_{i=1}^{d}x_{i}y_{i}$
. $X$ $\mathbb{R}^{d}$ , $A(X)$
$A(X)$ $:=\{(x, y)|\forall x, y\in X, x\neq y\}$
. $A(X)$ $s$ , $X$ s-inner product set . ,
$x\in X$ , $A(x)$
$A(x)=\{(x, y)|\forall y\in X, x\neq y\}$
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, $x\in X$ $|A(x)|\leq s$ , $X$ locally s-Inner product
set . , s-inner product set locally s-inner product set , locally
inner product set inner product set . locally s-inner product set
.




[7] . $X\subset \mathbb{R}^{d}$ ,
. .
$\bullet$ $S^{d-1}=\{x\in \mathbb{R}^{d}|||x||=1\}$ . $||x||$ $:=\sqrt{(x,x)}$ .
$\bullet$ $RS:=S_{1}\cup S_{2}\cup\cdots\cup S_{p}\subset \mathbb{R}^{d}$. $S_{i}$ $r_{i}$ . $0\leq r_{1}<$
$r_{2}<\cdots<7_{p}$ . $r_{1}=0$ $S_{1}$ , .
$\bullet X_{i}$ $:=X\cap S_{i}$ , $\epsilon_{R6}$ $:=\{\begin{array}{ll}1 RS \text{ }0 RS \text{ }\end{array}$
$D\backslash .]_{\iota}\backslash a\iota\cdot tx-G_{o(}\backslash ,thals- Se,icle,1[7]$ ,
.
Theorem 2.2. 1. $X\subset RS\subset \mathbb{R}^{d}$ locally s-inner product set . $s\geq 2(p-\epsilon x)$
,
$|X| \leq\epsilon_{RS}+\sum_{i=0}^{2(p-\epsilon_{R}s)-1}(\begin{array}{lll}d+s -i\text{ }1d-1 \end{array})$ . (2.1)
, $s\leq 2(p-\epsilon ns)-1$ ,
$|X|\leq(\begin{array}{l}d+ss\end{array})$ . (2.2)
2. $X\subset RS\subset \mathbb{R}^{d}$ $l_{otill}llys- ir\iota r\iota er$ ’ product set .
$\bullet$ 8 ( $X$ ).
$s\geq 2p$ ,
$|X| \leq 2\sum_{i=0}^{p-1}(\begin{array}{ll}d+s -2i-2d -1\end{array})$ . (2.3)
$s\leq 2p-1$ ,




$|X| \leq\epsilon_{RS}+2\sum_{i=0}^{(p-\epsilon_{RS})-1}(\begin{array}{lll}d+s -2i \text{ }2d-l \end{array})$ . (2.5)
$\sigma^{\iota}\leq 2(p-\Xi_{R.S})-1$ ,
$|X| \leq\epsilon_{RS}+2i=0(\begin{array}{ll}d+s -2i-2d -1\end{array}) \frac{*-2}{\sum 2}$ (2.6)
$X$ , $-X:=\{-x|x\in X\}\subset X$ .
.
$\bullet$ $P_{s}(\mathbb{R}^{d}):s$ $d$ .
$\bullet$ $H_{oI1_{R}}(\mathbb{R}^{d}):s$ $d$ .
$\bullet$ $Harm_{s}(\mathbb{R}^{d})$ $:=\{f\in Hom_{s}(\mathbb{R}^{d})|\Delta f=0\}$ . $\triangle=\sum_{i=1\overline{\partial}^{7^{\frac{2}{x_{l}}}}}^{d\partial}$ . $\Delta f=0$
.
$\bullet$ $P_{s}^{*}(\mathbb{R}^{d})$ $:=(|)_{i^{\frac{s}{=2}}0}^{LJ}H_{oI}n_{s-2i}(\mathbb{R}^{d})$ . $\lfloor s/2\rfloor$ , $s/2$ .
$\bullet$ $P_{s}(RS),$ $Hom_{s}(RS),$ $Harm_{s}(RS)$ , $RS$
. , $P_{s}(RS)=\{f|_{RS}|f\in P_{s}(RS)\}$ .
, .
Theorem 2.3 ([9], [10]). 1. $\dim(P_{\epsilon}(\mathbb{R}^{d}))=(^{d+s}s)\cdot\dim(Hom_{g}(\mathbb{R}^{d}))=(_{d-1}^{d+\epsilon-1})$ .
2. $\varphi$ ; $P_{s}(\mathbb{R}^{d})arrow P_{s}(RS)$




3. $RS$ , $P_{s}(RS)\cong\oplus_{i=0}^{2p-1}Hom_{s-I}(\mathbb{R}^{d})$ , $\dim(P_{s}(RS))=$
$\sum_{i=0}^{2p-1}(^{d+s-i-1}d-1)$ . , $s\leq 2p-1$ $P_{s}(\mathbb{R}^{d})\cong P_{s}(RS)$ .
4. $\phi$ : $P_{s}^{*}(\mathbb{R}^{d})arrow P_{\theta}^{*}(RS)$ $\phi$ : $f\mapsto f|_{RS}$ $\phi$ . $RS$
,
$ker(\phi)=\prod_{i=1}^{p}(||x||^{2}-r_{i})P_{s-2p}^{*}(\mathbb{R}^{d})$ .
5. $RS$ , $P_{s}^{*}(RS)\cong\oplus_{i=0}^{p-1}Hom_{s-2i}(\mathbb{R}^{d})$ , $\dim(P_{\epsilon}^{*}(RS))=$
$\sum_{i=0}^{p-1}(^{d+s-2i-1}d-1)$ . , $s\leq 2p-1$ $P_{s}^{*}(\mathbb{R}^{d})\cong P_{s}^{*}(RS)$ .
133
RS . $\varphi_{1}$ : $P_{s}(\mathbb{R}^{d})arrow P_{s}(RS),$ $\varphi_{2}$ : $P_{s}(RS)arrow P_{s}(RS\backslash \{0\})$ ,
$\varphi$ : $P_{s}(\mathbb{R}^{d})arrow P_{s}(RS\backslash \{0\})$
. $\varphi=\varphi_{2}\circ\varphi_{1}$ . $ker(\varphi_{1})$ $\varphi\iota$ $0\in P_{s}(RS)$ ,
$0\in P_{s}(RS)$ $\varphi_{2}$ $0\in P_{s}(RS\backslash \{0\})$ . , $ker(\varphi_{1})\subset ker(\varphi)$ .
Theorem 2.3, 2 , $ker(\varphi)=\prod_{i=2}^{p}(||x||^{2}-7_{i})P_{s-2(p-1)}(\mathbb{R}^{d})$ , $s-2(p-1)\geq 0$
,
$\varphi_{1}(ker(\varphi))$ $=$ $\varphi_{1}(\prod_{i=2}^{p}(||x||^{2}-r_{i})P_{s-2(p-1)}(\mathbb{R}^{d}))$ (2.7)
$=$ $\varphi_{1}(\prod_{i=2}^{p}(||x||^{2}-r_{i})\oplus_{k=0}^{s-2(p-1)}Hom_{k}(\mathbb{R}^{d}))$ (2.8)
$=$ $\prod_{i=2}^{p}(||x||^{2}-r_{i})Hom_{0}(\mathbb{R}^{d})$ . (2.9)
, $ker(\varphi_{1})=\prod_{i=1}^{p}(||x||^{2}-r_{i})\oplus_{k=1}^{s-2\langle p-1)}Hom_{k}(\mathbb{R}^{d})$ ,
$\dim(P_{s}(RS))$ $=\dim(P_{s}(\mathbb{R}^{d}))-\dim(ker(\varphi_{1}))$ (2.10)
$1+ \sum_{i=0}^{2(p-1)-1}(\begin{array}{ll}d+s -i-1d-l \end{array})$ (2.11)
$s\leq 2(p-1)-1$ , $ker(\varphi)=0$ , $\varphi_{1}$ , $P_{s}(\mathbb{R}^{d})\cong P_{\epsilon}(RS)$
. Theorem 2.3, 3 , .
Theorem 2.4. $s\geq 2(p-\epsilon_{RS})$ ,
$di\iota n(P_{s}(RS))=\epsilon_{RS}+\sum_{i=0}^{2(p-en9)-1}(^{d+s-i}d-1$ $1)$ . (2.12)
$s\leq 2(p-\epsilon_{RS})-1$ ,
$\dim(P_{s}(RS))=dlm(P_{s}(\mathbb{R}^{d}))=(\begin{array}{l}d+ss\end{array})$ . (2.13)
, $P_{s}^{*}(RS)$ . $\phi_{1}$ : $P_{\epsilon}^{*}(\mathbb{R}^{d})arrow P_{s}^{*}(RS),$ $\phi_{2}$ : $P_{s}^{*}(RS)arrow$
$P_{s}^{*}(RS\backslash \{0\}),$ $\phi$ : $P_{s}^{*}(\mathbb{R}^{d})arrow P_{\delta}^{*}(RS\backslash \{0\})$ .
, $k\backslash \prime 1^{\cdot}(\phi_{1})\subset k_{1^{-\backslash },I}\cdot(\phi)$ . $Tl\iota eorem2.3,4$ , $ke,r(\varphi)=\prod_{1=2}^{p}(||x||^{2}-r_{i})P_{s-2(p-1)}^{*}(\mathbb{R}^{d})$
. $s$ $s-2(p-1)\geq 0$ ,
$\phi_{1}(ker(\phi))$ $=$ $\phi_{1}(\prod_{i=2}^{p}(||x||^{2}-r_{i})P_{\epsilon-2(p-1)}^{*}(\mathbb{R}^{d}))$ (2.14)
$=$ $\phi_{1}(\prod_{i=2}^{p}(||x||^{2}-r_{i})\oplus_{k^{*-2}}^{-\angle 2^{-\lrcorner l}}=0^{2}Hom_{2k}(\mathbb{R}^{d}))$ (2.15)
$=$ $\prod_{i=2}^{p}(||x||^{2}-r_{i})Hom_{0}(\mathbb{R}^{d})$ . (2.16)
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, $ker(\phi_{1})=\prod_{=2}^{p}(||x||^{2}-r_{t})\oplus^{\frac{s- 2(p-1)}{k=12}}Hom_{2k}(\mathbb{R}^{d})$ ,
$\dim(P_{s}^{*}(RS))$ $=$ $\dim(P_{\theta}^{*}(\mathbb{R}^{d}))-\dim(ker(\phi_{1}))$ (2.17)
$=$ $1+ \sum_{i=0}^{(\rho-1)-1}(\begin{array}{ll}d+s -2i\text{ }1d -l\end{array})$ (2.18)
$s$ $s-2(p-1)\geq 0$ ,




$\dim(P_{\epsilon}^{*}(RS))$ $=$ $\dim(p;(\mathbb{R}^{d}))-\dim(ker(\phi_{1}))$ (2.22)
$\sum_{i=0}^{(p-1)-1}(\begin{array}{ll}d+s -2i-ld-l \end{array})$ (2.23)
$s\leq 2(p-1)-1$ , $ker(\phi)=0$ , $\phi_{1}$ . , $P_{s}^{*}(\mathbb{R}^{d})\cong P_{s}^{*}(RS)$ .
,
$\dim(P_{s}^{*}(RS))=\dim(P_{\epsilon}^{*}(\mathbb{R}^{d}))=\sum_{i=0}^{L_{B}^{l}J}(\begin{array}{lll}d+s -2i\text{ }1d-l \end{array})$ (2.24)
Theorem 2.3, 5 , .
Theorem 2.5. $s$ $S\geq 2(p-\epsilon_{RS})$ ,
$\dim(P_{s}^{*}(RS))=\epsilon_{RS}+\sum_{i=0}^{(p-\epsilon_{RS})-1}(\begin{array}{ll}d+s -2i-ld-l \end{array})$ . (2.25)
$s$ $s\geq 2(p-\epsilon_{RS})$ ,
$\dim(P_{\theta}^{*}(RS))=\sum_{i=0}^{(\rho-\epsilon_{RS})-1}(\begin{array}{ll}d+s -2i-.1d-l \end{array})$ . (2.26)
$s\leq 2(p-\epsilon_{RS})-1$ ,
$\dim(P_{s}^{*}(RS))=\sum_{i=0}^{L_{2}^{*}J}(\begin{array}{ll}d+s -2i-1d -l\end{array})$ (2.27)
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3 Theorem 2.2, 1
Theorem 2.2, 1 .
$P_{70tJ}f\cdot$. $X\subset RS\subset \mathbb{R}^{d}$ locally $s- i_{IlIlt^{\backslash }},r$ product set . ,
$x\in X$ , $A(x)$ $B(x)$ .
$B(x)$ $:=\{(x, y)|x\neq y\in X, ||y||\leq||x||\}$ .
$B(x)$ $A(x)$ , $|B(x)|\leq|A(x)|\leq s$ . , $B(x)$
$\alpha$ $-||x||^{2}\leq\alpha<||x||^{2}$ .
$x\in X$ .
$f_{x}( \xi)=\prod_{\alpha\in B(x)^{\frac{(x,\xi)-\alpha}{(x,x)-\alpha}}}$ $B(x)$
$f_{x}(\xi)=1$ ( ) $B(x)$
$\xi=(\xi_{1}, \xi_{2}, \ldots, \xi_{d})$ , $f_{x}(\xi)$ $d$ . $B(x)$
, $|X_{1}|=1$ $x\in X_{1}$ , $f_{x}(\xi)=1$ $x\in X$ 1
. $|B(x)|\leq s$ , $f_{x}(\xi)$ $s$ . . ,
$f_{x}(x)=1$ , (3.1)
$f_{x}(y)=0$ , $y\in X$ $||y||\leq||x||$ (3.2)
. $X=\{x_{1}, x_{2}, \ldots, x_{n}\}(|X|=n,$ $||x_{i}||\leq||x_{i+1}$ . $M$ $X$









, $g_{x_{i}}(\xi)$ $s$ ,
$g_{x}:(x_{j})=\{\begin{array}{l}i=j0i\neq i\end{array}$





4 Theorem 2.2, 2
Theorem 2.2, 2 .
Proof. $X\subset RS\subset \mathbb{R}^{d}$ locally s-inner product set . $X$ $0$
, $X=Y\cup(-Y)$ $Y\cap(-Y)=\emptyset$ $Y$ . $X$ $0$
,‘ $X’$ $:=X\backslash \{0\}$ , $X’=Y’\cup(-Y’)$ $Y’\cap(-Y’)=\emptyset$
$Y’$ . , $Y$ $:=Y’\cup\{0\}$ . , $|X|=2|Y|-\epsilon_{RS}$
. $y\in Y$ ,
$B^{2}(y)$ $:=\{\alpha^{2}|\alpha\in B(y), \alpha\neq 0, \alpha\neq-(y, y)\}$
. $|B^{2}(y)|=\lfloor(s-1)/2\rfloor$ . $\alpha^{2}\in B^{2}(y)$ , $0<$




. $s$ , $0\not\in B(x)$ , $s$ , $X$
a . $s$ , $X$ $0$ $f_{0}$ $:=1$ . ,
$f_{y}(\xi)\in P_{s-1}^{*}(\mathbb{R}^{d})\cup\epsilon_{RS}Hom_{0}(\mathbb{R}^{d})$ ,
$f_{y}(y)=1$ , (4.1)
$f_{y}(z)=0$ , $y\neq z\in Y$ $||z||\leq||y||$ (4.2)
. $Y=\{y_{1}, y_{2}, \ldots y_{n}\}$ . Theorem 2.2, 1 ,












2 $\dim(P_{s-1}^{*}(RS))$ $s-1$ (4.6)
Theorem 2.5 , $s$ 9 $\epsilon_{RS}=0$ ,
.
5 Inside inner product set.
Theorem 2.2 , $|B(x)|\leq s$ .
, $|B(x)|\leq s$ , Theorem 22 . ,
locally s-inner product set , .
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Definition 5.1 (Inside s-inner product set). $X\subset \mathbb{R}^{d}$ , $X$ inside
s-inner product set , $x\in X$ $|B(x)|\leq s$
. , $B(x)=\{(x, y)|x\neq y\in X, ||y||\leq||x||\}$ .




Euclidean design spherical design Neumaier-Seidel[ll]
, Bannai-Bannai[4] .
Euclidean design , .
Theorem 6.1 ([5]). 1. $X$ Euclidean $2e$ -design ,
$|X|\geq\dim(P_{e}(RS))$
2. $X$ Euclidean $(2e-1)$ -design ,
$|X|\geq\{\begin{array}{ll}2 \dim(P_{\epsilon-1}^{*}(RS))-1 e-1 \text{ } O\in X \text{ }2\dim(P_{e-1}^{*}(RS)) \text{ }\end{array}$
, $X$ tight Euclidean design . $0\not\in X$ ,
, inside inner product set . tight Euclidean design (tight spherical
design) [1], [2], [3], [4], [6] , $Aa$ . tight
$E_{l1(}\prime 1i(1c_{\dot{r}111t}^{1}1\lrcorner’$ , tight inside inner product set .
, $X$ .
e Tight spherical design tight inner product set [7].
* Tight Euchdean 2-design tight l-inner product set [6].
tight l-inner product set . , Euclidean
l-design .
$\bullet$ Tight Euclidean 3-design tight locally 2-inner product set [3].
. , tight inside 2-inner product set tight locally
2-inner product set .
$\bullet$ tight Euclidean t-design tight inside s-inner product set
[1], [2], [3], [4]. , $B(X_{i})=\{B(x)|x\in X_{i}\}$ .
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$(t, d_{:}|X|)=(5,3,14)$ tight locally inner product set .
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